Abstract. The administration of You Gui Wan (YGW) decoction has been observed to improve vaginal atrophy induced by ovariectomy (OVX) in rats. The aim of the current study was to explore the possible mechanisms underlying this effect. Following OVX, 37 Sprague Dawley female rats were randomly divided into three groups which were orally administered with YGW decoction, saline or estrogen for 11 weeks. In parallel with this, 19 normal and 17 rats with sham-surgery were used as controls. The effects of these treatments on estrogen receptors (ER) and various angiogenic factors, including vascular endothelial growth factor (VEGF), vascular endothelial growth factor receptor-1 (VEGFR-1), angiopoietin (Ang)1 and 2 and basic fibroblast growth factor (bFGF) in the vagina were compared using immunohistochemistry or quantitative polymerase chain reaction (qPCR). OVX was found to induce significant vaginal atrophy and decrease the expression of ER and various angiogenic factors when compared with the normal and sham-surgery animals (all P<0.05). Estrogen replacement and the administration of YGW decoction reversed the vaginal atrophic process. The hormonal replacement and YGW treatment recovered the protein expression of ER-α and -β, VEGF and VEGFR-1 and the mRNA levels of ER-α, VEGF, VEGFR-1, Ang1 and 2, and bFGF when compared with OVX-rats with saline, normal and sham-surgery treatments (all P<0.05). Thus, it may be concluded that a possible mechanism underlying the effect of YGW on OVX-induced vaginal atrophy may be the upregulated expression of ER and various angiogenic factors in the vaginal tissue.
Introduction
The majority of females in their late 40s or early 50s may experience a variety of menopausal symptoms that include vaginal atrophy and changes in uterine size and lining. Although western medicine treats menopausal symptoms with various forms of hormone replacement therapy (HRT), a number of females may elect to forgo these therapies due to a number of side effects (1) . However, Traditional Chinese Medicine (TCM) has been used to relieve menopausal symptoms for centuries with little adverse effects (2) (3) (4) (5) .
You Gui Wan (YGW) is a classical herbal formula in TCM which has been used clinically in menopausal females with Yang deficiency. In a previous study, YGW was observed to reverse the atrophic effect of ovariectomy (OVX) in rat vaginal plica and blood vessels in the lamina propria with little adverse effect on endometrial hyperplasia (6) . The results suggested that YGW may be used as an alternative to HRT in the management of menopausal vaginal atrophy. However, the molecular mechanisms underlying the effect of YGW remain unknown.
In a previous study, the major effect of YGW was shown to recover the number of vaginal blood vessels which were reduced by OVX (6) , indicating that YGW may alter angiogenesis regulators in the vaginal tissue in vivo. It is well established that angiogenesis, the formation of new blood vessels from existing blood vessels, involves a number of processes, including the degradation of existing vascular basement membrane, the
Impacts of You Gui Wan on the expression of estrogen receptors and angiogenic factors in OVX-rat vagina:
A possible mechanism for the trophic effect of the formula on OVX-induced vaginal atrophy proliferation and migration of endothelial cells (ECs) into tubular structures and the formation of a new matrix around neovessels (7) . Angiogenesis also requires a number of angiogenic proteins, including several growth factors such as basic fibroblast growth factor (bFGF), vascular endothelial growth factor (VEGF) and angiopoietin (Ang)1 and 2. Estrogen is key in maintaining uterine and vaginal health. Estrogen produces its effects by binding to estrogen receptors (ER) in the reproductive organs. It has been reported that estradiol increases the extracellular levels of VEGF in breast cancer in vivo, which suggest that VEGF expression in the breast is, at least in part, modulated by ER for which the VEGF gene is a target (7) . In cultured human endometrial fibroblasts (8) and a number of endometrial cancer cell lines (9), estrogens increase bFGF mRNA or proteins. Furthermore, the regulation of Ang1 and 2 is associated with VEGF expression within the microenvironment of angiogenic blood vessels to ensure precise and stage-appropriate angiogenic signals to ECs (10, 11) .
In addition, YGW has been shown to be capable of recovering the expression of ER, despite having no significant effect on estradiol production (6) . Therefore, we hypothesized that there may be specific components in the YGW decoction that produce an estrogenic-like activity to reverse the atrophic effect caused by OVX (6). In the current study, YGW was hypothesized to upregulate angiogenic factors to reverse the atrophic effect of OVX through the recovery of ER expression and the cooperative interactions of specific angiogenic factors.
To investigate this hypothesis, the effects of YGW on the expression of ER, VEGF, vascular endothelial growth factor receptor-1 (VEGFR-1), bFGF and Ang1 and 2 were investigated in the vagina following long-term (11 weeks) oral administration of YGW decoctions in OVX-rats and the results were compared with OVX-rats treated with estrogen replacement or saline. In total, 73 Sprague Dawley female rats, aged 12-14 weeks, with an average weight of 230±30 g, were used as the test subjects. The rats were supplied by the Laboratory Animal Service Center at the Chengdu University of Traditional Chinese Medicine and maintained in an air-conditioned room with a temperature of 22-25˚C, a humidity level of 45-65% and a 12-h light/dark cycle. The animals were randomly divided into five groups: i) ovariectomized-treated with YGW decoctions (n=13); ii) ovariectomized-treated with saline (n=12); iii) ovariectomized-treated with Premarin (n=12); iv) a sham-surgery in diestrus (n=17); and v) a normal control in diestrus (n=19). The reproductive status of the animals was determined by a daily vaginal lavage performed ~2 h following lights on for all rat groups using traditional nomenclature for the estrous and diestrus stages (14) .
Materials and methods

Materials
OVX/sham-surgery and treatment. Procedures for OVX and sham-surgery were described previously (6) . Briefly, rats in diestrus were anesthetized intraperitoneally with a mixture of ketamine hydrochloride (73 mg/kg) and xylazine (8.8 mg/kg). Surgery was performed using aseptic precautions on a heating pad to maintain a body temperature of 37˚C. For OVX, the ovaries were removed by slicing through the tissue on the rostral side of each hemostat, while for sham-surgery, four similarly sized sections of fat were sliced from this segment. Following determination that there was no bleeding in the abdominal cavity, the wound was closed. The rats were closely observed during the post-surgical period for potential complications of which none occurred. OVX was confirmed by daily vaginal lavages that consisted of leukocytes indicative of constant diestrus. Constant diestrus continued until saline, YGW treatment or estrogen replacement which were performed ~2 weeks later.
For groups i)-iii), the rats were orally administered with saline-diluted YGW decoctions (preparation: saline, 1:1 v/v and 1 ml/100 g body weight); saline (1 ml/100 g body weight); and Premarin (62.5 mg/100 g body weight) for 11 weeks, respectively. For groups iv) and v), the rats were orally administered with saline only. On the final day of oral administration, the animals were sacrificed and their vaginas were saved for histological examination, as well as immunohistochemical and quantitative polymerase chain reaction (qPCR) analysis.
Vaginal histological examination. Procedures for vaginal histological examination were described previously (6) . Briefly, following fixation of tissue samples in 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) for 24 h at 4˚C, the samples were dehydrated by a routine procedure through graded dilutions of ethanol (70-100%). Samples were embedded in paraffin and 4 µm sections were mounted on poly-lysine coated slides. Hematoxylin and eosin (H&E) staining of the tissue sections was used for histological examination and the results were summarized as a mean of three regions observed.
Immunohistochemistry. Immunostaining of ER-α and -β, VEGF and VEGFR-1 in vaginal tissue was performed using immunohistochemical kits from Abcam (Cambridge, UK) according to the manufacturer's instructions. Briefly, deparaffinization of tissue sections was performed similar to the aforementioned H&E staining. Following deparaffinization, an antigen retrieval treatment was performed at 120˚C (autoclave) for 5 min in a 10 nmol/l sodium citrate buffer (pH 6.0). Endogenous peroxidase activity was blocked using a 0.03% hydrogen peroxide solution containing sodium azide at room temperature for 30 min. Then, anti-ER-α and -β, VEGF and VEGFR-1 antibodies were incubated at 4˚C overnight. Primary antibody sources and concentrations are listed in Table I . Subsequently, thorough washing in a 0.01 M phosphate-buffered saline solution was performed. Binding sites of the primary antibody were visualized using a secondary antibody conjugated with horseradish peroxidase and 3,3'-diaminobenzidine substrate. Sections were then faintly counterstained with hematoxylin and mounted with glycerol gelatin. Negative controls were achieved by the omission of the primary antibodies. Sections were analyzed using an Automated Cellular Imaging System (ACIS; DAKO, Carpinteria, CA, USA). ACIS calculated the average intensity within 12 representative regions per slide as a measure of the integrated optical density (IOD). Scores for the highest and lowest regions for each slide were excluded and the average region score was calculated from the remaining 10 regions. For comparison purposes, the IOD value was normalized to the entire measured area by calculating IOD/0.25 mm (2,15).
qPCR. To assess the mRNA expression of ER-α, VEGF, VEGFR-1, Ang1 and 2 and bFGF, qPCR was used as previously described (16) . Briefly, total RNA was extracted using TRIzol reagents (Invitrogen Life Technologies, Carlsbad, CA, USA) and complementary DNA was prepared from the total RNA using oligo primers and Moloney murine leukemia virus reverse transcriptase (Applied Biosystems, Inc., Foster City, CA, USA). qPCR was performed with the SYBR-Green mix (Applied Biosystems, Inc.) on an ABI Prism 7900 sequence detector (Life Technologies, Carlsbad, CA, USA). Specific primers for ER-α, VEGF, VEGFR-1, Ang1 and 2, bFGF and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) are listed in Table II . For each PCR product, the melting curve was determined using the comparative threshold cycle number (2 -ΔΔCt ) method, with the results presented as fold change in the expression of ER-α, VEGF, VEGFR-1, Ang1, and 2 and bFGF relative to OVX-rats treated with saline (17) .
Data analysis. Statistical analysis was performed using the SPSS software package (SPSS Inc., Chicago, IL, USA). Since the data did not violate assumptions of homogeneity of variance and normal distribution, differences in all morphological and histological parameters of the vagina, as well as the IOD scores and 2 -ΔΔCt method among the experimental groups, were compared using the one-way analysis of variance. If significance was found in the analysis, the data underwent post-hoc comparisons. P<0.05 was considered to indicate a statistically significant difference. 
qPCR, quantitative polymerase chain reaction; ER-α, estrogen receptor-α; VEGF, vascular endothelial growth factor; VEGFR-1, vascular endothelial growth factor receptor-1; Ang, angiopoietin; bFGF, basic fibroblast growth factor; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
Results
Effect of YGW on vaginal atrophy in OVX-rats.
All parameters of vaginal histomorphology in OVX-rats treated with saline were significantly lower than those in normal and sham-surgery animals (all P<0.05). In the group with Premarin replacement, all the parameters of the vagina in OVX-rats were reversed to the level of normal and sham-surgery controls. Treatment with YGW decoctions on OVX-rats reversed the effect of OVX on the number of vaginal fold and blood vessels in the lamina propria. These results were in agreement with a previous report (6). 
Effects of YGW on protein expression of ER, VEGF and VEGFR-1 in OVX-rats. ER-α or -β immunostaining was
primarily restricted to the nucleus of the cells, while VEGF and VEGFR-1 were observed in membrane and cytoplasmic staining. The effects of OVX, estrogen replacement and the administration of YGW on the protein expression of ER-α or -β, VEGF and VEGFR-1 in the rat vagina are summarized in Table III . In OVX-rats, OVX decreased the expression of ER-α or -β, VEGF and VEGFR-1 when compared with normal and sham-surgery animals (P<0.05). Estrogen replacement and YGW treatment recovered OVX-induced suppression when compared with normal and sham-surgery controls. Fig. 1 shows representative samples of the effects of OVX, estrogen replacement and the administration of YGW on the expression of ER-α or -β. Fig. 2 shows representative samples of the effects of OVX, estrogen replacement and the administration of YGW on the expression of VEGF and VEGFR-1.
Effects of YGW on the transcription of ER-α, VEGF, VEGFR-1, Ang1 and 2 and bFGF.
Comparisons of gene transcription of ER-α, VEGF, VEGFR-1, Ang1 and 2 and bFGF in vaginal tissue among the groups are shown in Fig. 3 . The levels of ER-α mRNA expression in normal, sham-surgery, OVX-with Premarin and OVX-rats with YGW were 1.83, 1.54, 1.53 and 1.36 times higher compared with OVX-rats with saline, respectively (P<0.05; Fig. 3A) . Moreover, mRNA expression of VEGF, bFGF and Ang1 in normal, sham-surgery, OVX-with Premarin and OVX-with YGW rats were also significantly higher compared with OVX-rats with saline (VEGF mRNA were 4.21, 3.54, 3.20 and 5.92 times higher; bFGF mRNA were 1.97, 1.74, 2.02 and 1.92 times higher and Ang1 mRNA were 2.73, 2.50, 5.50 and 4.46 times higher, respectively; all P<0.05; Fig. 3B, D and E) . Notably, the VEGF mRNA expression in the vaginal tissue of OVX-rats treated with YGW was significantly higher compared with the estrogen replacement group (3.20 for the estrogen replacement group vs. 5.92 for the OVX-rats treated with YGW; P<0.05; Fig. 3B ). VEGFR-1 mRNA expression in normal, sham-surgery and OVX-rats with Premarin were 1.39, 1.47 and 1.34 times higher compared with OVX-rats with saline, respectively (P<0.05), but no significant difference was found between OVX-rats with YGW and OVX-rats with saline (Fig. 3C ). Ang-2 mRNA expression in normal rats was similar to that of the OVX-rats with saline (0.94). However, for sham-surgery and OVX-rats with Premarin or YGW, Ang2 mRNA expression was 1.25, 2.44 or 2.32 times higher compared with the OVX-rats with saline 
Discussion
In the current study, the effects of the administration of YGW decoctions in reversing rat vaginal atrophy caused by OVX were confirmed and were in agreement with a previous study (6) . The major observations of the present study may be summarized as follows: i) OVX reduces the expression of vaginal ER and specific angiogenic factors in vaginal tissue; ii) estrogen replacement may recover OVX effects and iii) YGW decoction may also recover expression of ER and specific angiogenic factors. The upregulation effects of YGW were not implemented by endogenous estrogen production as YGW had no significant effect on the circulating estrogen levels reduced by OVX (6) . The promotion of angiogenesis by estrogen replacement may be via ER signaling pathways since reduced estrogen production following OVX decreased the number of ER in the blood vessel walls, as well as changes in the post-ER signaling mechanisms (18) . ER has been observed to mediate angiogenesis through classical genomic and rapid non-genomic mechanisms (19) (20) (21) .
How YGW implements its effects on the various angiogenic factors remains to be determined as the chemical profile of YGW is not yet known. However, there may be one or more main active components in each of the herb in YGW according to published data. The primary active component of Radix rehmanniae reparata has been reported to be oligosaccharides (22) . In Fructus corni officinalis, the primary active components are morroniside, loganin and gallic acid (23) . In Fructus lycii, it is Lycium Barbarum polysaccharide (24) . For Cuscuta chinensis LAM, the component is hypothesized to be flavones glycoside (25) and for Eucommia ulmoides, the components consist of acidic polysaccharide metal salt and glucosidic metal salt (26) . Radix angelicae sinensis is reported to contain phthalides, organic acids and their esters (27) while Cinnamomum has phenylpropanoids cinnamaldehyde and eugenol (28) . Radix aconiti lateralis preparata is reported to contain benzoylmesaconine (29) . 
A B C D E F
A number of these active components have been hypothesized to possess estrogenic activity. For example, flavones glycoside, the component of Cuscuta chinensis LAM, may be a phytoestrogen (30) . A number of phytoestrogens have been defined as selective estrogen receptor modulators. These substances may also provide cardiovascular benefits, including regulation of ECs proliferation, differentiation, adhesion, migration and kinase activation through interaction with ER (31, 32) . Other components may directly exert angiogenic activity. For instance, morroniside, one of the active components of Fructus corni officinalis, may exert a beneficial effect on preventing diabetic angiopathies (33) . However, accumulated clinical observations have concluded that the herbal formula of YGW is more effective than any single herb since the formula may possess much broader actions. Therefore, the effects of the YGW herbs may be a synthetic action of all main constituents rather than a single component.
Although YGW and Premarin may reverse the expression of ER and specific angiogenic factors, varying potency was observed in the current study. For example, VEGF mRNA expression in the vaginal tissue of OVX-rats treated with YGW was higher compared with that of the estrogen replacement group, while YGW had no significant effect on the repression of VEGFR-1 mRNA. It is possible that YGW may contain a number of components that may directly affect VEGF expression other than via ER signaling pathways. These observations also suggest that YGW may have stronger effects on angiogenesis since VEGF is a critical and specific factor stimulating physiological and pathological angiogenesis (34) . However, to verify this, further studies are required in the future.
In conclusion, the current observations indicate that YGW, similar to estrogen replacement, may recover the expression of ER and various angiogenic factors in the vaginal tissue of OVX-rats. The induction of the expression of various angiogenic factors by the herbal formula was, at least in part, mediated through the activation of the ER pathways. The current study provides an explanation for the underlying mechanisms of YGW to reverse vaginal atrophy induced by OVX, although future research is required to elucidate the herb-induced signaling pathways. These data may aid in the development of improved approaches to stimulate angiogenesis, as well as to provide an improved understanding of the potential health benefits of the herbal agents of YGW in treating vaginal atrophy induced by OVX or menopause.
